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Patient-derived Joint Counts Are a Potential
Alternative for Determining Disease Activity Score
ARTHUR KAVANAUGH, SUSAN J. LEE, HAOLING H. WENG, YUN CHON, XING-YUE HUANG, and SHAO-LEE LIN

ABSTRACT. Objective. To investigate the correlation between the Disease Activity Score using a 28-joint count
(DAS28) based on physician-derived joint counts and the DAS28 based on patient-derived joint
counts (Pt-DAS28) in rheumatoid arthritis (RA).
Methods. Data from a multicenter, open-label study investigating the immunogenicity of etanercept
(ETN) were analyzed. ETN-naive patients with active RA received ETN 50 mg once weekly alone
or with methotrexate (MTX). Joint counts were performed at baseline, Week 12, and Week 24 by the
physician and patient independently. Patients received instruction in performing joint assessments.
Results. Of 447 patients enrolled (ETN, n = 218; ETN + MTX, n = 229), most were women (79%)
and the mean age was 54.5 years. Correlation coefficients between DAS28 and Pt-DAS28 were
≥ 0.57 at baseline, Week 12, and Week 24. At Week 24, 48%, 39%, and 12% of patients could be
classified as having low, moderate, or high disease activity, respectively, using DAS28. Using
Pt-DAS28, 43%, 39%, and 18% were similarly classified. Agreement in the category of disease
activity classification occurred in 72% of patients (kappa = 0.55). At Week 24, 78% of patients using
DAS28 and 72% of patients using Pt-DAS28 were classified as moderate or good European League
Against Rheumatism responders.
Conclusion. These results support the possible use of patient-derived tender and swollen joint
counts to aid in the assessment of disease activity and clinical response in patients with RA.
(J Rheumatol First Release Feb 15 2010; doi:10.3899/jrheum.090704)
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Controlling disease activity is important in the management
of rheumatoid arthritis (RA)1. Frequent assessments of RA
can be beneficial in improving patient outcomes by allow-
ing treatment adjustments to minimize disease activity and
improve disease outcome2. The Disease Activity Score
(DAS) and the shorter 28-jount count DAS (DAS28) are

well validated measures of RA disease activity3,4. Tender
and swollen joint counts are the key components of the DAS
score, which also includes a measure of the acute-phase
response and a patient global assessment of disease activity.
DAS scores correlate with important outcomes such as joint
damage, and changes in DAS scores are widely used to
assess responses to treatment5,6.

Quantitative measures of disease activity are increasing-
ly monitored by healthcare providers during office visits to
assess the need for treatment changes. Joint assessments
have traditionally been performed in-office by physicians or
trained healthcare personnel. However, it is possible that
patient self-assessment could be performed at home, which
would allow more frequent assessment of disease activity
and may be a reliable alternative when clinical resources are
limited.

We evaluated the consistency between physician- and
patient-derived tender and swollen joint counts and corre-
sponding DAS28 scores over time in a cohort of patients
with RA participating in a 24-week open-label trial of etan-
ercept (ETN) alone versus ETN + methotrexate (MTX).
Patient-derived DAS28 (Pt-DAS28) scores were calculated
using the same formula used to calculate DAS28, except
that patient joint counts were used in place of physician joint
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counts. Our aim was to determine whether patient self-
assessment of tender and swollen joints correlated with
physician assessments and whether patient-derived joint
counts were a reliable substitution for physician assessments
in determining DAS28 status in RA patients undergoing
treatment.

MATERIALS AND METHODS
Patients. Data were derived from ETN-naive patients (n = 447) with active
RA (≥ 18 yrs old) participating in an open-label study assessing the
immunogenicity of ETN7. Patients were randomized to receive subcuta-
neous ETN 50 mg or ETN 50 mg + MTX once weekly for 24 weeks. All
patients provided written informed consent, and all study procedures were
approved by the appropriate institutional ethics committee.
Assessments. Joint evaluations by the patient and his or her physician were
performed during the study visit. The patient’s evaluation was performed
first, followed by the physician’s evaluation during the same study visit.
The physicians were blinded to the results of the patients’ evaluations and
were not involved in the treatment strategies of the clinical trial. Neither
patient nor physician was aware of the other’s evaluation. Joint assessments
included the 28-joint count for tenderness and swelling as established by
the European League Against Rheumatism (EULAR)8. Assessments were
performed at baseline, Week 12, and Week 24 or termination of the study.

To train patients in performing tender joint self-assessments, instruc-
tions were given to “Please put an ‘X’ on each joint you see on a mannequin
that corresponds to the joints that hurt you. There may be pain when you
press or move your joints.” For swollen joint counts, patients were instruct-
ed to “Please put an ‘X’ on each joint you see on a mannequin that corre-
sponds to the joints you feel are swollen. The joints may feel swollen or
look swollen”9. DAS28 and Pt-DAS28 were calculated from these joint
counts using the formula:

DAS28 = 0.56 x √TEN28 (Physician or Patient) + 0.28 x √SW28
(Physician or Patient) + 0.36 x ln (CRP + 1) + 0.014 x PtGA + 0.96

DAS28 and Pt-DAS28 scores range from 0 to 9.4. Disease activity can
be categorized as low (≤ 3.2), moderate (> 3.2 to ≤ 5.1), or high (> 5.1)
based on the DAS28 score10. Baseline and posttreatment DAS28 and
Pt-DAS28 scores were further used to identify EULAR responders, that is,
those with “good” or “moderate” responses to treatment (Table 1)11.

Patients also assessed physical function at baseline, Week 12, and Week
24 using the Health Assessment Questionnaire Disability Index
(HAQ-DI)12,13. Two other composite scores, the Clinical Disease Activity
Index (CDAI)14 and Simplified Disease Activity Index (SDAI)15, were
each calculated using either physician joint counts or patient joint counts at
baseline, Week 12, and Week 24.
Statistics. Patients who received at least 1 dose of ETN or ETN + MTX
were included in the analyses. Convergent validity was assessed by
Spearman correlation using rank scores and Pearson product-moment cor-
relation. Intraclass correlation coefficients were used to measure agreement
between the continuous variables of physician and patient tender and

swollen joint counts. Kappa statistics were used to determine agreement
between the noncontinuous variables of physician and patient individual
joint assessments. Further, Bland-Altman plots were included to visually
assess the agreement between physician and patient tender and swollen
joint counts across different levels of joint involvement. Agreement
between DAS28 and Pt-DAS28 in classifying patients’ disease as low,
moderate, or high was measured by kappa statistics16. EULAR responses
based on DAS28 scores were used as a standard to measure the sensitivity
and specificity of the EULAR response based on Pt-DAS28 scores.
Logistic regression analysis, adjusting for age, sex, and treatment, was used
to determine differences in physician- and patient-derived joint counts
between baseline, Week 12, and Week 24.

RESULTS
Patients. A total of 447 patients were enrolled; 218 received
ETN alone and 229 received ETN + MTX. Baseline demo-
graphics were similar between treatment groups (Table 2).
Most patients were women (79%), white (81%), and < 65
years of age (77%; mean 54.5 yrs old; range 19–88 yrs). At
baseline, mean DAS28 (5.4 vs 5.0) and Pt-DAS28 (5.5 vs 5.1)
were similar between the ETN and ETN + MTX arms. Mean
RA disease duration was 8.5 years in ETN-treated patients
compared with 7.2 years in ETN + MTX-treated patients.
Tender and swollen joint assessments. The results of physi-
cian-derived TJC and SJC were strongly correlated with the
results of patient-derived TJC and SJC (Table 3). The pro-
portion of patients with differences of ≤ 3 joints between
physician and patient TJC was 52.6% at baseline, 67.6% at
Week 12, and 65.4% at Week 24. Similarly, the proportions
of patients with SJC differences of ≤ 3 were 46.6%, 58.6%,
and 61.7% at baseline, Week 12, and Week 24, respectively.
At Week 24, the intraclass correlation coefficients (r)
between physician and patient TJC (r = 0.7771) were greater
than those for SJC (r = 0.4341). There were no clinically rel-
evant differences in correlations between tender or swollen
joints when the cohort was stratified by ETN or ETN +
MTX treatment (data not shown).

The correlation between CDAI scores calculated using
either physician or patient joint counts was 0.73 or higher at
baseline, Week 12, and Week 24 (Table 3). Similarly, the
correlation between SDAI scores calculated using physician
or patient joint counts was 0.75 or higher at baseline, Week
12, and Week 24. Thus, the DAS28, CDAI, and SDAI all
show a high degree of correlation when calculated using
either physician or patient joint counts over the 24-week
study period.
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Table 1. Criteria for European League Against Rheumatism response.

DAS28 Improvement from Baseline
DAS28 at Current Visit > 1.2 > 0.6 to ≤ 1.2 ≤ 0.6

≤ 3.2 Good response Moderate response No response
> 3.2 to ≤ 5.1 Moderate response Moderate response No response
> 5.1 Moderate response No response No response

DAS28: disease activity score.
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To assess whether baseline differences resulted in differ-
ences at 12 and 24 weeks, logistic regression models were
used to adjust for covariates. When physician and patient
baseline assessments differed by ≥ 5 tender/swollen joints,

patients were 4.7 (95% CI 2.87–7.60) and 2.7 (95% CI
1.71–4.21) times more likely to have such differences at 12
and 24 weeks, respectively, compared with patients without
such differences at baseline.
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Table 2. Patient demographics.

Characteristic ETN, ETN/MTX, All,
n = 218 n = 229 n = 447

Mean age, yrs (range) 54.3 (21–88) 54.7 (19–82) 54.5 (19–88)
Sex, n (%)

Men 40 (18.3) 53 (23.1) 93 (20.8)
Women 178 (81.7) 176 (76.9) 354 (79.2)

Race, n (%)
White 176 (80.7) 188 (82.1) 364 (81.4)
Black 17 (7.8) 11 (4.8) 28 (6.3)
Hispanic 21 (9.6) 22 (9.6) 43 (9.6)
Asian 3 (1.4) 5 (2.2) 8 (1.8)
American Indian or Alaska Native 1 (0.5) 1 (0.4) 2 (0.4)
Other 0 (0.0) 2 (0.9) 2 (0.4)

Age, yrs, n (%)
< 65 169 (77.5) 174 (76.0) 343 (76.7)
≥ 65 49 (22.5) 55 (24.0) 104 (23.3)

Mean weight, kg (SD) 78.9 (20.2)* 82.3 (25.4) 80.7 (23.1)
Mean height, cm (SD) 164.8 (8.5)* 166.5 (9.6) 165.7 (9.1)
Mean BMI, kg/m2 (range) 29.0 (18.0–50.3)* 29.5 (15.7–67.2) 29.3 (15.7–67.2)
Mean C-reactive protein, mg/l (SD) 16.4 (20.9) 14.4 (29.9) ND
Mean tender joint count (0–68), (SD) 23.7 (15.7) 21.5 (16.8) 22.6 (16.3)
Median tender joint count (0–68), (range) 21.5 (0–68) 19.0 (0–68) 21.0 (0–68)
Mean swollen joint count (0–66), (SD) 14.5 (9.6) 13.3 (9.1) 13.9 (9.4)
Median swollen joint count (0–66), (range) 13.0 (0–50) 11.0 (0–50) 21.0 (0–50)
Mean HAQ (SD) 1.4 (0.7) 1.3 (0.7) 1.3 (0.7)
Mean DAS28 (SD) 5.4 (1.3) 5.0 (1.3) 5.2 (1.3)
Mean Pt-DAS28 (SD) 5.5 (1.3) 5.1 (1.4) 5.3 (1.3)
Mean patient global assessment of disease 58.7 (23.4)* 53.7 (24.0) 56.1 (23.8)

activity (SD); scale 0–100
Mean physician global assessment of disease 55.1 (22.6) 51.9 (24.9) 53.5 (23.9)

activity (SD); scale 0–100

* n = 217. BMI: body mass index; DAS28: disease activity score; ETN: etanercept; HAQ: Health Assessment
Questionnaire; MTX: methotrexate; ND: not determined; Pt-DAS28: patient-derived DAS28.

Table 3. Correlations between physician and patient tender and swollen joints and HAQ-DI, CDAI, and SDAI
scores calculated using physician/patient joint counts.

Baseline Week 12 Week 24

Correlation between patient and physician joint counts*
Tender joint counts 0.78 0.78
Swollen joint counts 0.55 0.53 0.43

Correlation between HAQ-DI and patient/physician joint counts†

HAQ-DI vs physician tender joint counts 0.42 0.54 0.51
HAQ-DI vs physician swollen joint counts 0.25 0.38 0.31
HAQ-DI vs patient tender joint counts 0.47 0.58 0.54
HAQ-DI vs patient swollen joint counts 0.37 0.39 0.48

Correlation between DAS28 and Pt-DAS28† 0.73 0.75 0.69
Correlation between physician CDAI and patient CDAI† 0.73 0.78 0.75
Correlation between physician SDAI and patient SDAI† 0.75 0.79 0.76

* Intraclass correlation coefficients for physician- and patient-derived tender and swollen joint counts.
† Spearman correlation coefficients for physician- and patient-derived tender and swollen joint counts. CDAI:
Clinical Disease Activity Index; DAS28: Disease Activity Score; Pt-DAS28: Patient-derived Disease Activity
Score; SDAI: Simplified Disease Activity Score; HAQ-DI: Health Assessment Questionnaire-Disability Index.
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To assess agreement between the physician and patient
assessments across varying levels of joint involvement,
Bland-Altman plots were used to illustrate differences
between physician and patient joint counts versus their aver-
age at baseline and at Week 24 (Figure 1). At baseline, the
mean absolute difference between physician and patient ten-
der and swollen joints was 4.81 and 5.66, respectively
(Figure 1A, 1C). By Week 24, the mean absolute difference
between physician and patient tender and swollen joint
counts decreased compared with baseline and was 3.86 and
4.37, respectively. In addition, the average number of joint
counts decreased, indicating disease improvement due to

treatment (Figure 1B, 1D). Generally, the largest variation
between physician and patient assessment occurred at inter-
mediate levels of joint involvement, or between 10 to 20
joints. More patients tended to view their disease condition
to be worse than their physician, as evidenced by more data
points clustering below the mean.

When individual joints were scored by physicians and
patients for tenderness and swelling, the greatest agreement
was observed for larger joints, particularly shoulders, knees,
and elbows (Table 4). Agreement was less frequent when
assessing swollen joints, with the exception of the knee
(kappa = 0.40–0.55). Agreement was similar across time-
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Figure 1. Bland-Altman plots of agreement between physician and patient tender and swollen joint counts over time. For each plot (+) represents the differ-
ence in joint counts assessed by the physician and the patient. Reference lines above and below zero represent the mean of the absolute difference between
physician and patient joint counts for the analysis. Joint differences plotted at zero represent perfect agreement; positive joint count differences represent a
higher physician joint count compared with the patient joint count; negative joint count differences indicate that patients counted more joints than the physi-
cian. When assessing a plot in total, a diamond-shaped geometry represents good correlation at low and high joint numbers with less agreement at an inter-
mediate number of joints. A. Tender joint counts at baseline. The mean of the absolute difference between physician and patient joint counts was ± 4.81.
B. Tender joint counts at Week 24. The mean of the absolute difference between physician and patient joint counts was ± 3.86. C. Swollen joint counts at
baseline. The mean of the absolute difference between physician and patient joint counts was ± 5.66. D. Swollen joint counts at Week 24. The mean of the
absolute difference between physician and patient joint counts was ± 4.37.
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points and treatment groups. Similarly, HAQ-DI moderate-
ly correlated with physician- and patient-derived TJC (0.54,
0.58 at Week 12 and 0.51, 0.54 at Week 24, respectively)
and less with SJC (0.38, 0.39 at Week 12 and 0.31, 0.48 at
Week 24, respectively; Table 3).
Agreement of DAS28 and Pt-DAS28. Agreement between
DAS28 and Pt-DAS28 was high throughout the study
(Figure 2). For DAS28, 8%, 35%, and 57% of patients could
be classified as having low, moderate, or high disease activ-
ity at baseline, respectively. For Pt-DAS28, 7%, 36%, and
57% had low, moderate, and high disease activity at base-
line. Of the 34 patients who had low disease activity at base-

line by physician assessment, 14 (41%) were also catego-
rized as having low disease activity by patient assessment.
Of the 256 patients with high disease activity by physician
assessment, 218 (85%) also had high disease activity by
patient assessment. At Week 24, 48%, 39%, and 12% of
patients were classified as having low, moderate, or high
disease activity by DAS28 and 43%, 39%, and 18% by Pt-
DAS28. Overall agreement across disease severity was 75%
at baseline, 73% at Week 12, and 72% at Week 24. Kappa
statistics for agreement between physician and patient
assessments of disease severity were 0.54 (95% CI
0.48–0.61) at baseline, 0.57 (95% CI 0.50–0.63) at Week 12,
and 0.55 (95% CI 0.48–0.62) at Week 24. Similar results
were found when patients were assessed according to
treatment.
Agreement between EULAR responses using DAS28 and
Pt-DAS28. When DAS28 and Pt-DAS28 were used to clas-
sify patients according to EULAR criteria, 78% and 72% of
patients, respectively, were classified as EULAR responders
(good or moderate) at Week 24. Sensitivity (0.83) and speci-
ficity (0.67) were high, suggesting good agreement between
EULAR response based on DAS28 and Pt-DAS28. At 24
weeks, 79% of patients showed agreement in EULAR
response using DAS28 or Pt-DAS28 (kappa = 0.45).

DISCUSSION
This study demonstrated good agreement between physi-
cian- and patient-derived DAS28 scores over time in
patients treated with ETN. Physician- and patient-derived
TJC and SJC were well correlated, with better agreement
noted for tender versus swollen joints. The HAQ-DI was
similarly correlated with physician- and patient-derived ten-
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Table 4. Agreement between physician and patient individual joint assessment by kappa statistics.

Baseline Week 12 Week 24
Tender Swollen Tender Swollen Tender Swollen

Joint Joints Joints Joints Joints Joints Joints

Shoulder 0.49 0.15 0.48 0.17 0.55 0.22
Knee 0.53 0.40 0.50 0.53 0.59 0.55
Elbow 0.52 0.34 0.61 0.42 0.50 0.25
Wrist 0.45 0.29 0.48 0.29 0.54 0.22
MCP 1 0.39 0.20 0.45 0.28 0.47 0.17
MCP 2 0.46 0.27 0.51 0.25 0.49 0.28
MCP 3 0.43 0.26 0.47 0.27 0.45 0.23
MCP 4 0.44 0.24 0.43 0.26 0.46 0.20
MCP 5 0.46 0.26 0.39 0.19 0.41 0.20
PIP 1 0.36 0.33 0.39 0.19 0.39 0.25
PIP 2 0.35 0.23 0.38 0.30 0.39 0.22
PIP 3 0.37 0.26 0.51 0.34 0.40 0.22
PIP 4 0.39 0.25 0.44 0.23 0.38 0.20
PIP 5 0.36 0.24 0.43 0.12 0.29 0.08

MCP: metacarpophalangeal; PIP: proximal interphalangeal; 1: thumb, 2: index, 3: middle, 4: ring, 5: small.
Kappa statistics measure agreement between the 2 counts. A value of 1.0 indicates perfect agreement, 0 indicates
the same agreement as expected by chance, and a negative value indicates less agreement than would be expect-
ed by chance.

Figure 2.Agreement between DAS28 and Pt-DAS28 at baseline (n = 447),
Week 12 (n = 416 and n = 414) and Week 24 (n = 378 and n = 379), respec-
tively. DAS and Pt-DAS expressed as mean ± SD. DAS28: 28-joint count
Disease Activity Score; Pt-DAS28: patient DAS28.
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der and swollen joint counts. EULAR response rates for
patients were similar when DAS28 and Pt-DAS28 were
used to assess disease activity. Together, these data support
the possible use of patient-derived tender and swollen joint
counts to help determine disease activity in patients with
RA.

Other studies have compared the level of agreement
between physician and patient assessment of TJC and SJC,
and, consistent with the data presented here, stronger corre-
lations have been observed between physicians and patients
for tender joints compared with swollen joints9,17-19. One
explanation for this finding is that physicians may rely more
heavily on patient input when assessing tenderness, where-
as physical measurements of synovitis may play a greater
role when assessing swelling. In addition, swelling may be
difficult for patients to assess compared with pain.
Typically, there is a higher correlation between physician
and patient assessments with pain compared with
swelling18. The weaker correlation seen with swollen joints
may be interpreted as a limitation of the DAS.

When assessments of tender and swollen joints were
compared individually, better agreement was generally
observed for large joints than small joints and for tender
joints than swollen joints. Although this trend was consis-
tent among most joints, the knee joint assessment showed
good agreement for both tenderness and swelling. The rea-
son for this difference is unclear, but agreement was consis-
tent over the study duration. Potentially, swelling may be
easier to determine in the knee compared with other large
joints, such as the shoulder.

Agreement between physician and patient assessments of
tender and swollen joints remained stable over the course of
the study. Although there can be considerable variation in
determining joint involvement in patients with RA, training
for both medical staff and patients has been shown to sig-
nificantly increase the accurate detection of both tender and
swollen joints18,20. However, even among trained medical
professionals with RA experience, substantial variation has
been shown to occur when different assessors examine the
same patients20. A potential means of reducing variation in
joint counts would be to use data collected from the patient,
which might be more consistent because joint assessment
would be performed routinely by only 1 person. In addition,
appropriate patient training would be expected to increase
the accuracy of joint assessments over time and with expe-
rience18. Although patient self-assessment may be beneficial
for many patients, the limitations of some patients in per-
forming this assessment should be considered. In general,
patients tended to have higher joint counts than physicians,
and despite repeated assessments over time, some patients in
this study with large differences between physician assess-
ment and patient self-assessment at baseline had similarly
large differences in subsequent measurements. Perhaps
some patient self-assessments may be affected by muscu-

loskeletal conditions unrelated to RA disease activity, while
physicians may tend to focus more on joint pain and
swelling secondary to RA.

Another possible limitation to our results was the consid-
erable average difference between physician and patient
SJC at baseline (5.7) and Week 24 (4.4). This is potentially
important given that SJC is a stronger predictor of structur-
al damage than TJC21. The good correlation of physician
and patient DAS may be due in part to the stronger agree-
ment with TJC between physicians and patients and heavier
weighting of tender versus swollen joint counts in the
DAS28. However, patient and physician correlations in
scales that equally weigh tender and swollen joint counts
such as the CDAI and SDAI appear to have correlations
similar to the DAS28. Nonetheless, the overall results from
this analysis support the use of patient self-assessment of
tender and swollen joint counts during RA treatment.
Patient-derived joint counts may be beneficial when physi-
cian time and resources are limited, but they are not meant
to replace the physician assessment. Patient self-assessment
is likely to result in more frequent monitoring, which may
allow more rapid medication adjustments by the physician,
thereby improving patient outcomes2. Additionally, self-
monitoring may increase patient involvement and prompt
patients to seek changes in treatment earlier. Further studies
are warranted to determine whether the Pt-DAS has predic-
tive value for radiographic outcomes and functional status
over time.
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